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ABSTRACT 

Three major a r e a s  of concern a r e  i d e n t i f i e d  t h a t  
a f f e c t  t h e  p r o b a b i l i t y  of t h e  Surface  E l e c t r i c a l  P r o p e r t i e s  
Experiment meeting i t s  o b j e c t i v e s :  

1. Modeling complex subsur face  geometries 

2. Speci fy ing  an  adequate range measurement and 
a technique t o  implement i t ,  and 

3 .  A comprehensive e r r o r  a n a l y s i s .  

Of t h e s e  t h e  t h i r d  i s  t h e  m o s t  c r i t i c a l  s i n c e  r e s u l t s  o f  
such an a n a l y s i s  could a f f e c t  t h e  hardware des ign ,  whi le  
t h e  second may r e q u i r e  more a s t r o n a u t  involvement i n  con- 
d u c t i n g  t h e  experiment. 

Various sources  are i d e n t i f i e d  which could r a d i a t e  
d e t e c t i b l e  n o i s e  i n  t h e  megahertz frequency range. 
i n c l u d e  man-made sources  such as t h e  r o v e r ,  t h e  LM, t h e  
CSM, and t h e  t r a v e r s e  gravimeter ;  and n a t u r a l  sou rces ,  e .q . ,  
t h e  g a l a c t i c  background, s o l a r  s torms ,  and e a r t h ’ s  ionosphere.  
A d e t a i l e d  a n a l y s i s  of t h e s e  n o i s e  sources  i s  r equ i r ed  i n  
o r d e r  t o  s p e c i f y  r e a l i s t i c  measurement accu rac i e s  and t o  
e v a l u a t e  t h e  r e l a t ive  m e r i t  of t h e  experiment.  

These 
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I. INTRODUCTION 

The Surface E l e c t r i c a l  P r o p e r t i e s  Experiment (SEP) 
i s  a l u n a r  s u r f a c e  t r a v e r s e  experiment r e c e n t l y  approved 
f o r  development and scheduled t o  f l y  on Apollo 1 7  i n  mid- 
1 9 7 2 .  Its primary o b j e c t i v e s  a r e  t h e  s e a r c h  f o r  subsur- 
f a c e  l a y e r i n g  and t h e  d e t e c t i o n  of  l i q u i d  water on t h e  
moon. The f i r s t  of these o b j e c t i v e s  has obvious s i g n i f i -  
cance t o  ou r  understanding of l u n a r  geology and s t r a t i -  
graphy and i s  a goa l  of many of t h e  s u r f a c e  experiments ,  
wh i l e  t h e  second o b j e c t i v e  p e r t a i n s  both t o  d iscovery  of 
a major geochemical f a c t o r  and t o  t h e  m o s t  s i g n i f i c a n t  
n a t u r a l  r e source  w e  could f i n d  on t h e  moon. 

The p rospec t ing  technique t o  be used i s  r a d i o  
in t e r f e romet ry :  a mobile r a d i o  r e c e i v e r  monitors  s i g n a l  
s t r e n g t h  from a f i x e d  t r a n s m i t t e r  as a f u n c t i o n  of range 
and frequency. The r e s u l t a n t  p r o f i l e  is  then  i n t e r p r e t e d  
i n  t e r m s  o f  p a r t i a l l y  r e f l e c t i n g  subsu r face  ho r i zons ,  which 
are t h e  d e s i r e d  subsur face  l a y e r s ,  and/or a t o t a l l y  r e f l e c t i n g  
l a y e r  which would be a w a t e r  i n t e r f a c e .  Appl ica t ion  of 
t h i s  technique  r e q u i r e s  t h a t  t h e  l u n a r  material  be f a i r l y  
t r a n s p a r e n t  t o  r a d i o  waves, abso rp t ion  l e n g t h s  of 1 0  wave- 

\ l e n g t h s  or  more be ing  necessary f o r  adequate  s i g n a l  s t r e n g t h s .  
While t h i s  requirement may be m e t  on t h e  moon (Reference 
1 1 ,  t h e  omnipresence of moisture  i n  e a r t h  s o i l s  has  prevented 
t h i s  technique  from becoming a s t a n d a r d  geophysical  p rospec t ing  
too l .  The purpose of t h i s  memorandum, t h e n ,  i s  t o  d e s c r i b e  
t h e  technique  of r a d i o  in t e r f e romet ry  as a p p l i e d  t o  depth 
sounding, t h e  c h a r a c t e r i s t i c s  of  i t s  implementation on t h e  
moon, as w e l l  as some of t h e  i n t e r p r e t a t i o n  problems t h a t  
make t h e  SEP an extremely cha l l eng ing  experiment.  

11. THE EXPERIMENT 

A s  i t s  name impl ies ,  r a d i o  i n t e r f e r o m e t r y  relies 

I n  astronomical  a p p l i c a t i o n s  t h e  two s i g n a l s  are 
on t h e  i n t e r a c t i o n  o r  i n t e r f e r e n c e  of t w o  o r  more r a d i o  
s i g n a l s .  
commonly from t h e  same source (a s t a r )  measured a t  t w o  
l o c a t i o n s ,  however i n  t h e  p r e s e n t  a p p l i c a t i o n  t h e  i n t e r -  
f e rence  between one source ( a  t r a n s m i t t e r )  and v i r t u a l  
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images of t h i s  source caused by r e f l e c t i o n s  o f f  va r ious  
i n t e r f a c e s  i s  used t o  determine t h e  depth  of t h e  i n t e r f a c e  
and t h e  r e f l e c t i o n  c o e f f i c i e n t s .  F igure  1 shows schemat- 
i c a l l y  t h r e e  such s i g n a l  pa ths  t h a t  would r e s u l t  f r o m  
( s ay )  t h e  r e g o l i t h  - free space i n t e r f a c e  and t h e  rego- 
l i t h  - bedrock i n t e r f a c e .  The r e l a t ive  phases of t h e s e  
s i g n a l s  w i l l  be func t ions  o f  t h e  d i s t a n c e s  involved and t h e  
e lectr ical  p r o p e r t i e s  of t h e  va r ious  l a y e r s .  These charac- 
t e r i s t i c s  of t h e  l u n a r  subsur face  are then  determined i n  
t h e  u s u a l  way by c a l c u l a t i n g  t h e  t h e o r e t i c a l  response of  
v a r i o u s  geologic  models and comparing t h i s  w i th  t h e  exper i -  
mental  d a t a .  Uniqueness can never be guaranteed (a f a i l i n g  
of m o s t  remote sens ing  techniques)  and l a r g e  amounts  of 
d a t a  are needed t o  l i m i t  t h e  p o s s i b l e  models t o  even a 
crude degree.  Never the less ,  p rospec t ing  techniques  on 
e a r t h  with s i m i l a r  drawbacks (seismic p r o f i l i n g ,  f o r  example) 
have proved e s s e n t i a l  i n  understanding t h e  s t r u c t u r e  of  
t h e  e a r t h ' s  c r u s t .  

The hardware p r e s e n t l y  be ing  designed fo r  t h e  
SEP experiment c o n s i s t s  of f i v e  major subassemblies* 
(F igure  2 ) :  

T ransmi t t e r :  T h i s  package ( i n c l u d i n g  antennas)  
weighs about 11 l b s  and f i t s  on a lO"x13" p a l l e t  
space. A solar  panel of 1 . 5  f t 2  (maximum) s u p p l i e s  
power which i s  used t o  gene ra t e  f r equenc ie s  of  
0 .5 ,  1, 2 ,  4 ,  8 ,  1 6 ,  2 4 ,  and 32 MHz, as w e l l  
as lower f requencies  used f o r  t iming.  The r a d i o  
f requencies  a r e  fed  through t w o  matched R.F .  
a m p l i f i e r s  where  they a r e  modulated by s i n ( u t )  
and cos ( u t )  f unc t ions  r e s p e c t i v e l y  where u=15 H z .  

Transmi t te r  Antenna Arrays:  These are t w o  sets 
of d i p o l e  an tennas ,  one f e d  by each R.F.  ampli- 
f i e r ,  l a i d  o u t  or thogonal ly  on t h e  l u n a r  s u r f a c e .  
Each frequency i s  r a d i a t e d  from i t s  own h a l f  
wavelength d i p o l e  except  f o r  t h e  0.5 and 1 MHz 
( t h e  longes t  antenna i s  70 m ) .  The 15  H z  modula- 
t i o n  and crossed  d ipo le s  produce a t r a n s m i t t e d  
s i g n a l  w5ich is equ iva len t  t o  a r o t a t i n g  d i p o l e  
p a t t e r n ,  and which r e s u l t s  i n  a s i g n a l  wi th  a 
30 H z  modulation de tec t ed  by t h e  r e c e i v e r  antennas.  

Receiver Antennas: These c o n s i s t  of t h r e e  
mutually or thogonal  loops  each about  1 f o o t  i n  
diameter  mounted on t h e  end of a 3 f o o t  boom. 
These loop antennas are sampled s e q u e n t i a l l y  
by t h e  r e c e i v e r .  

*More d e t a i l e d  d e s c r i p t i o n s  may be obta ined  from "Surface 
Elec t r ica l  P r o p e r t i e s  Experiment, Conceptual Design", MIT 
Center  f o r  Space Research Report CSR TR70-7,  October 28, 1970.  
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4 )  Receiver:  T h i s  box i s  s i m i l a r  i n  s i z e  and weight 
t o  t h e  t r a n s m i t t e r  and i s  b a t t e r y  powered. I t  
a m p l i f i e s  and detects t h e  s i g n a l  from t h e  an tennas ,  
cond i t ions  it, and d e l i v e r s  it t o  t h e  recorder. 

5)  Tape Recorder: This recorder i s  b a s i c a l l y  t h e  
same DSEA r eco rde r  p r e s e n t l y  used on board t h e  
LM. I t  has a capac i ty  o f  4 t r a c k s  a t  2 1 / 2  h r s  
each f o r  a t o t a l  of 1 0  h r s  s i n g l e  t r a c k  record ing .  
The t a p e  speed i s  0 . 6  inches /sec  a t  a bandwidth 
of better than  5 KHz.  The data  format (F igure  2 )  
on t h e  t a p e  h a s  a main frame ra te  of  1 sec. This  
1 sec c o n s i s t s  of e i g h t  100  msec i n t e r v a l s  each 
corresponding t o  the  t r a n s m i t t e r  frequency s t e p s  
p l u s  200 m s e c  f o r  frame synchroniza t ion .  Each 
1 0 0  m s e c  i n t e r v a l  i s  f u r t h e r  subdivided i n t o  
t h r e e  3 3  msec i n t e r v a l s  corresponding t o  t h e  
r e c e i v e r ' s  sampling of t h e  t h r e e  r e c e i v i n g  antennas.  
Within each 3 3  msec i n t e r v a l  t hen  i s  recorded t h e  
R.F. f i e l d  s t r e n g t h  modulated by t h e  30 Hz s i g n a l  
and l o w  pas s  f i l t e r e d  a t  about 3 KHz. I n  a d d i t i o n  
a synchronizing s i g n a l  of 5 . 2  K H z  i s  recorded i n  
o r d e r  t o  c o n t r o l  t h e  playback ra te  of  t h e  t ape .  
The e n t i r e  t a p e  r eco rde r  i s  r e tu rned  t o  ear th  
f o r  d a t a  a n a l y s i s .  

The i n t e g r a t i o n  of  t h e  SEP i n t o  t h e  mission ca l l s  
f o r  t h e  deployment of t h e  t r a n s m i t t e r  and t h e  t w o  antenna 
a r r a y s  on t h e  l u n a r  s u r f a c e  a t  least  200 m from t h e  LM. 
The r e c e i v e r  i s  then  a c t i v a t e d ,  i t s  antennas unfolded and 
it i s  c a r r i e d  e i t h e r  by hand o r  ( p r e f e r a b l y )  on t h e  r o v e r  
o u t  a long  one l e g  of  t h e  t r a n s m i t t e r  antennas ( 3 5  m )  s topp ing  
every  few meters a t  pre-marked s p o t s  on t h e  antennas w i r e s .  
This  w i l l  provide an i n i t i a l  c a l i b r a t i o n  b a s e l i n e  of known 
(al though r a t h e r  s h o r t )  l ength .  N o t e  t h a t  t h e  wavelengths 
of i n t e r e s t  are 1 0  m corresponding t o  32 MHz t o  600  m 
( 0 . 5  MHz) . The r e c e i v e r  i s  then mounted on t h e  r o v e r  and 
t h e  antenna boom extended ( i f  n o t  a l r eady  done) .  This  
boom w i l l  raise t h e  r e c e i v i n g  antennas t o  a h e i g h t  of  
5 f e e t  o r  so from t h e  ground i n  o r d e r  t o  have a r e l a t i v e l y  
unobs t ruc ted  view of t he  horizon and t he  l u n a r  surface. 
N o  f u r t h e r  a s t r o n a u t  involvement i s  needed u n t i l  sometime 
n e a r  t h e  end of t h e  EVA when t h e  r e c e i v e r  i s  tu rned  t o  
standby. 
t o  be conducted on both EVA 2 and 3 f o r  t h e  m o s t  e x t e n s i v e  
t e r r a i n  coverage. 
recorder i s  removed f r o m  t h e  r e c e i v e r  and stowed i n  t h e  
LM f o r  r e t u r n  t o  e a r t h .  The t o t a l  t i m e  ded ica t ed  t o  t h e  
experiment w i l l  be 30 man minutes by t h e  m o s t  o p t i m i s t i c  
estimate (MSC) .  More r ea l i s t i c  estimates must await  an 
e v a l u a t i o n  of t h e  d i f f i c u l t y  of deploying and a l i g n i n g  
t h e  d i p o l e  antennas.  

The 1 0  h r  t a p e  capac i ty  w i l l  a l low t h e  experiment 

A t  t h e  end of t h e  l a s t  EVA t h e  t a p e  
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111. THE INTERPRETATION 

For a s u c c e s s f u l  i n t e r p r e t a t i o n  of  t h e  d a t a  t o  be 
c o l l e c t e d  du r ing  t h i s  experiment t w o  s e p a r a t e  problems need 
t o  be considered:  The f i r s t  and s impler  i s  t h e  t h e o r e t i c a l  
one; t h i s  i s ,  t h e  response t o  r a d i o  sounding of  r e a l i s t i c  
models f o r  t h e  l u n a r  subsurface must be c a l c u l a b l e  (or ,  a t  
l eas t ,  e s t imab le ) ,  i nc lud ing  e f f e c t s  such as s c a t t e r i n g  
from inhomogeneties, rough i n t e r f a c e s ,  non-sharp d i s c o n t i n -  
u i t i e s ,  l a te ra l  mul t ipa th ,  mul t i - layer  models i nc lud ing  
r e f r a c t i v e  index i n v e r s i o n s  and cu rva tu re .  Much of t h i s  
t heo ry  i s  w e l l  known and c a l c u l a t i o n s  f o r  a v a r i e t y  of s imple  
models under va r ious  assumptions have been done. A good 
l i b r a r y  of  t h e o r e t i c a l  curves f o r  t h e  t w o  l a y e r  f l a t  moon 
and nea r  s u r f a c e  antennas i s  conta ined  i n  a Master ' s  t h e s i s  
by A. P. Annan (Reference 2 ) .  Two of h i s  f i g u r e s  a r e  re- 
produced i n  F igures  3 and 4 i n  o r d e r  t o  i l l u s t r a t e  t h e  n a t u r e  
of t h e  i n t e r f e r e n c e  p a t t e r n  t o  be expected i n  t h e  s i m p l e s t  
cases. Both show r e l a t i v e  f i e l d  s t r e n g t h  as a func t ion  
of t r a n s m i t t e r - r e c e i v e r  s epa ra t ion  measured i n  f r e e  space  
wavelengths. F igure  3 shows a t y p i c a l  beat p a t t e r n  fo r  a 
h a l f  space model. N o t e  t h a t  t h i s  i n t e r f e r e n c e  phenomenon 
i s  n o t  re la ted t o  any l aye r ing ,  b u t  merely t o  t h e  e x i s t e n c e  
of t h e  f r e e  space-rock i n t e r f a c e .  The spac ing  of t h e  peaks 
i s  a func t ion  s o l e l y  of d i e l e c t r i c  c o n s t a n t ,  K ,  of  t h e  
material  ( f o r  l o w  loss m a t e r i a l s ) ,  and t h i s  f a c t  w i l l  be 
used t o  measure t h e  d i e l e c t r i c  c o n s t a n t  of  t h e  r e g o l i t h  
l a y e r  on t h e  moon i n  s i t u  (a secondary o b j e c t i v e  of t h e  
exper iment ) .  F igure  4 shows t h e  t r a n s i t i o n  from a h a l f  
space model t o  a t w o  l a y e r  model ( a c t u a l l y  a l a y e r  over  a 
h a l f  space)  where t h e  d i e l e c t r i c  c o n s t a n t ,  K2, of t h e  h a l f  
space  i n c r e a s e s  from t h a t  of  t h e  t o p  l a y e r  t o  a very large 
va lue .  The t o p  curve (K2=81) r e p r e s e n t s  e s s e n t i a l l y  a p e r f e c t  
r e f l e c t o r .  I n  t h i s  f i g u r e  each curve i s  scaled so  t h a t  
i t s  i n i t i a l  peak i s  of cons tan t  h e i g h t  (on t h e  f i g u r e )  and 
t h e  re la t ive  s t r e n g t h s  of t h e s e  peaks are noted above each 
one. Both F igures  3 and 4 are f o r  a h o r i z o n t a l  e lectr ic  
d i p o l e  r a d i a t i n g  on t h e  i n t e r f a c e .  N o t e  t h a t  t h e  d i e l e c t r i c  
c o n s t a n t  of m o s t  powders i s  2 ,  ice  i s  3 ,  most rocks range 
f r o m  6 t o  1 2 ,  and w a t e r  i s  88. 

-- 

Figure  4 shows c l e a r l y  t h e  e f f e c t  of a good r e f l e c t i n g  
l a y e r  located a t  a depth of fou r  wavelengths. 
7 .5Xo  gradua l ly  i n c r e a s e s  i n  ampli tude as t h e  d i e l e c t r i c  
c o n t r a s t  i s  inc reased  u n t i l  it i s  t h e  largest s i g n a l  r ece ived  
a t  d i s t a n c e s  g r e a t e r  than 2x0. This  peak i s  an ub iqu i tous  
c h a r a c t e r i s t i c  of models w i t h  good r e f l e c t i n g  horizons and 
i s  due t o  t h e  specu la r  r e f l e c t i o n  of  t h e  main lobe of t h e  

The peak a t  
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d i p o l e  antenna p a t t e r n  from t h i s  horizon.* The i n t e n s i t y  of 
t h e  peak i s  a func t ion  of  t h e  c o n t r a s t  i n  e lectr ic  p r o p e r t i e s  
across t h e  i n t e r f a c e  while  i t s  p o s i t i o n  i n  range i s  determined 
by t h e  depth  t o  t h e  i n t e r f a c e  and t h e  d i e l e c t r i c  c o n s t a n t  
of  t h e  t o p  l aye r .  For large d i e l e c t r i c  c o n t r a s t s  t h e  second 
o r d e r  r e f l e c t i o n  a t  15x0 can a l s o  be seen .  

This  s imple t w o  l a y e r  model might be used t o  model 
t h e  response of  a t h i c k  r e g o l i t h  ove r ly ing  bedrock. F igure  
5 (from Reference 3 )  shows a comparison of  such a model 
wi th  data  taken  on a g l a c i e r  ( t o  reproduce t h e  r equ i r ed  
t ransparency  t o  r a d i o  waves).  I n  t h i s  case t h e  t o p  l a y e r  
i s  ice  and i s  between 125 m and 200  m t h i c k ,  as determined 
by d r i l l i n g  and g r a v i t y  p r o f i l i n g .  
s a t u r a t e d  rock (a good r e f l e c t o r ) .  The peaks and v a l l e y s  
of t h e  t h e o r e t i c a l  curve follow t h e  g e n e r a l  t r e n d  of t h e  
data ,  b u t  i n  d e t a i l  t h e r e  a r e  large d i s c r e p a n c i e s .  A l s o  
t h e  c a l c u l a t e d  depth ( 1 1 4  m)  i s  l o w .  Neve r the l e s s ,  t h e  
presence  of  t h e  bottom w a s  d e f i n i t e l y  detected and an estimate 
of t h e  d i e l e c t r i c  cons t an t  of t h e  ice could  be made. Un- 
doubtedly many of  t h e  d i sc repanc ie s  could  be r e so lved  wi th  
a more complex model - say o n e  t h a t  considered s i d e  r e f l e c -  
t i o n s  or  a s l o p i n g  bottom t o  t h e  g l a c i e r .  

The subs t ra tum i s  w a t e r  

The second problem area t h a t  arises i n  t h e  i n t e r -  
p r e t a t i o n  of d a t a  i s  t h a t  of imper fec t  data.  That i s ,  
assuming t h a t  a good i n t e r p r e t a t i o n  can be made given good 
d a t a ,  what happens when noisy,  u n c e r t a i n ,  o r  i n a c c u r a t e  
d a t a  must be i n t e r p r e t e d ?  The  major u n c e r t a i n t y  p r e s e n t l y  
a n t i c i p a t e d  i n  t h e  SEP data is t h e  measurement of range,  
t h e  d i s t a n c e  between t h e  t r a n s m i t t e r  and receiver. The 
p r e s e n t  des ign  of  t h e  experiment uses  t h e  phase of t h e  30 Hz 
modulation t o  determine t h e  azimuth of t h e  t r a n s m i t t e r -  
r e c e i v e r  l i n e  and p l ans  t o  determine range by us ing  t h e  
l/r f a l l  o f f  of  t h e  r a d i a t e d  f i e l d  s t r e n g t h  i n  r eg ions  where 
r e f l e c t i o n s  are not  a major p a r t  of t h e  r ece ived  s i g n a l .  
An independent de te rmina t ion  of range a t  a few p o i n t s  w i l l  
be a v a i l a b l e  from post-mission a n a l y s i s  of  t h e  t r a v e r s e  
and t h e  photographic p o s i t i o n i n g  of t h e  geology s t o p s ,  how- 
e v e r  t h e  spac ing  of t h e  preplanned s t o p s  w i l l  be q u i t e  l a r g e ,  
on t h e  order of a k i lometer .  With r e s p e c t  t o  this problem 
it should be emphasized t h a t  t h e  SEP i s  i n t r i n s i c a l l y  a 
p r o f i l e  experiment as opposed t o  a p o i n t  measurement experiment.  

*Although a d i p o l e  i n  a homogeneous medium has an i s o -  
t r o p i c  r a d i a t i o n  p a t t e r n  i n  a p l ane  normal t o  t h e  a x i s  of t h e  
d i p o l e ,  t h e  vacuum-rock i n t e r f a c e  acts  l i k e  a l e n s  and causes  
t h e  energy r a d i a t e d  i n t o  t h e  moon t o  be modified i n t o  a 
l o b a t e  p a t t e r n .  The main lobe propagates  down a t  an angle  
Arcs in  ( 1 / K ) .  
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Spatial frequencies are to be measured and thus the sampling 
theorem applies. If one wishes to measure a certain frequency 
then one must sample at least twice that fast. Although 
the continuous measurement of azimuth will be of some 
help in evaluating the effect of lateral inhomogeneities 
and multi-path probelms, it is still essentially an ortho- 
gonal coordinate to range and of no direct help in determin- 
ing distance. 

For example, consider the problem of determining 
Kl, the dielectric constant of the regolith. The spacing 
of the interference peaks for a simple half space model 
(with tan&<<l) is ( K 1 - 1 I - I  measured in wavelengths. For 

K 1  = 2 this spacing is about two wavelengths implying that 
data points must be taken every wavelength at least and 
more realistically every quarter wavelength. For the 
higher frequencies (the ones that are applicable to rela- 
tively shallow measurements) this means every few meters, 
clearly a continuous measurement in terms of present plans 
for rover traverses. 

The concept of using the l/r decay of a radiated 
signal to determine r is a new one; the method for measuring 
range originally proposed used a separate radio ranging 
system similar to present marine radio navigation techniques 
(Loran). 
on the moon and not accurate enough at large distances. 
The present concept puts the whole burden of range deter- 
mination on the analysis phase of the experiment; no addi- 
tional measurements are made on the moon. Whether this 
technique will provide adequate range information is specu- 
lative. Evaluation in field tests (presently in progress) 
will be necessary before one can be assured of this. Some 
improvement in this area could be achieved at a cost of 
more astronaut time. For example more frequent reporting 
of the rover odometer range measurement may be needed to 
insure that range as a function of time can be adequately 
recovered in the data analysis. Although this measurement 
is thought to be relatively inaccurate ( 1 0 % - 2 0 % ) ,  most of 
the error is systematic (wheel slip) and may be able to be 
biased out aftzr soins l ~ i i a r  experience with the rover. 

However this method proved difficult to implement 

Another aspect of the problem of bad data is that 
of noise, either active (radio sources) or passive (spurious 
reflections). In this latter category should not be included 
such effects as reflections off vertical discontinuities 
or from random inhomogeneities. These are really data - 
difficult to interpret - but at least lunar in nature. How- 
ever, reflections from the LM, the rover, or even an astronaut 
are extraneous and potentially a source of noise. Their 
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s m a l l  s i z e  ( < l h o  even a t  32 M H z )  w i l l  t e n d  t o  minimize t h e i r  
e f f e c t  of cour se ,  b u t  it w i l l  be coherent  n o i s e  ( i . e . ,  non- 
f i l t e r a b l e ) .  Pre l iminary  c a l c u l a t i o n s  (Reference 4 )  i n d i c a t e  
t h a t  r e f l e c t i o n s  from t h e  LM can cause s i g n a l  i n f l u e n c e s  
exceeding 1% ( t h e  optimum measurement accu racy ) .  Act ive 
sou rces  inc lude  impulsive c u r r e n t s  ( swi tch ing  t r a n s i e n t s )  
i n  t h e  r o v e r ,  t h e  LM, t h e  a s t r o n a u t  backpack, o t h e r  o p e r a t i n g  
experiments (ALSEP, f a r  UV camera, t r a v e r s e  g r a v i m e t e r ) ,  
t h e  LCRU wi th  t h e  t e l e v i s i o n  camera and remote c o n t r o l  u n i t ,  
and even t h e  CSM when it i s  overhead. Of t h e s e  t h e  r o v e r  
i s  g e n e r a l l y  considered t o  be t h e  l a r g e s t  p o t e n t i a l  source  
of  i n t e r f e r e n c e ,  and a t e s t  of t h e  PLSS/rover/LCRU EM1 
spectrum i s  planned f o r  February a t  MSC (an informal  t es t  
of  t h e  rove r  a lone  i s  a l s o  scheduled f o r  November a t  Boeing, 
S e a t t l e ) .  However, o t h e r  man-made sources  may a l s o  be 
s i g n i f i c a n t  c o n t r i b u t o r s  t o  t h e  ambient n o i s e  l e v e l  on t h e  
moon, and less s u s c e p t i b l e  t o  t e s t  than  t h e  rover .  The 
LM, f o r  example, uses  an  average of 15 amps du r ing  t h e  
second and t h i r d  EVA pe r iods ,  and a v a r i e t y  of thermosta ted  
h e a t e r s  are cyc l ing .  The l a r g e s t  of  t h e s e  i s  t h e  I M U  h e a t e r  
which draws 4 amps and has a 25% duty c y c l e  w i t h  a pe r iod  
of 20 secs (Reference 5 ) .  I n  a d d i t i o n  MESA h e a t e r s  ( 6  @ 
<1 amp) and RCS h e a t e r s  (32 @ <1 amp) are i n  automatic  
thermosta ted  modes dur ing  the  EVA'S with vary ing  on/off 
per iods .  The e f f e c t  of  induced s i g n a l s  from t h e s e  i s  
g r e a t l y  a t t e n u a t e d ,  of course,  once t h e  r e c e i v e r  i s  over 
t h e  hor izon  from t h e  LM (>5 kms on a smooth moon). However 
i n  t h e  r eg ion  from 2 km t o  5 km d i s t a n t  f r o m  t h e  LM, t h e  
SEP t r a n s m i t t i n g  d i p o l e s  w i l l  be over t h e  hor izon  from a 
5 f o o t  high r e c e i v i n g  antenna whi le  t h e  LM ( a t  an average 
h e i g h t  of 1 0  f e e t )  would s t i l l  be v i s i b l e .  The e f f e c t  of 
such a geometry would be t o  a t t e n u a t e  t h e  desired s i g n a l  
by about 50db over t h e  f r e e  space a t t e n u a t i o n  experienced 
by t h e  LM n o i s e  (Reference 6 ) .  A n e a r e r  p o t e n t i a l  no i se  
source  i s  t h e  t r a v e r s e  gravimeter  which w i l l  be mounted with- 
i n  a m e t e r  of t h e  SEP dur ing  t h e  t r a v e r s e  and which w i l l  have 
thermosta ted  h e a t e r s  drawing 50 ma i n t e r m i t t e n t l y .  Although 
such a s m a l l  source w i l l  be a very  i n e f f i c i e n t  radiator ,  
its proximity t o  t h e  r e c i e v e r  makes i t s  e f f e c t  p r o p o r t i o n a l l y  
g r e a t e r  and s imultaneously more d i f f i c u l t  t o  estimate. 

Natura l  sources  may also c o n t r i b u t e  d e t e c t i b l e  
s i g n a l  l e v e l s  i n  t h i s  frequency range. The cosmic n o i s e  
background has  r e c e n t l y  been measured above t h e  obscur ing  
e f f e c t s  of  t h e  ionosphere and has  been found t o  peak around 
3 MHz wi th  an e f f e c t i v e  noise  temperature  of 107'K (Refer- 
ence 7 ) .  The Sun a l so  r a d i a t e s  i n  t h e  megahertz range and 
du r ing  pe r iods  of i n t e n s e  a c t i v i t y  can reach 2 0  t o  60 db 
above t h e  cosmic background. Such pe r iods  are i n f r e q u e n t  
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but tend to persist for 2 weeks or more (1/2 a solar rota- 
tion). The earth is likewise a radio generator with both 
continuous and sporadic components. At lunar distances 
peaks can reach 30db above the background (Reference 8 ) .  
Such background levels are equivalent to a first stage 
amplifier noise figure twice the 6db desired. 

The net quantitative effect of all these noise 
sources, however, will depend on the exact wiring configur- 
ations and current pulse risetimes for the man-made sources 
and the region of the sky in view and many random factors 
for the natural sources. A detailed analysis of the 
expected noise sources and testing with flight configuration 
hardware (where possible) is required so that the possible 
effects on the experiment's results can be evaluated. 

IV. CONCLUSIONS 

The Surface Electrical Properties Experiment faces 
three major areas of concern that affect the probability 
of the experiment meeting its objectives: 

1. The effects of relatively complex models of the 
lunar subsurface to support data analysis and 
to aid in specifying the measurement accuracy 
and noise tolerance. 

2. The range measurement requirement (both accuracy 
and degree of continuity) and the technique to 
be used to implement it, and 

3. A comprehensive error analysis. 

Of these the last may have an effect on the experi- 
ment hardware design and so is the most critical. It should 
involve an estimation of the noise power spectrum, both 
continuous and transient, to be encountered on the moon, 
the end-to-end calibration accuracy of the experiment, the 
anticipated signal strengths to be measured and the effect 
of differing lunar models and traverses on these signals. 
The results cf such ar? i n a l y c i c  nay ir?fluer?ce the required 
minimum sensitivity of the experiment, the dynamic range 
of the field strength measurement, the required measurement 
accuracy, the transmitter power needed to achieve the above, 
and other circuit parameters such as bandwidth and amplifier 
noise figures. 

The second area of concern, range measurement, 
is related to the question of measurement accuracy but the 
impact of more stringent requirements in this area is less 



BELLCOMM. INC. - 9 -  

s i n c e  automatic  range measurement has  d e f i n i t e l y  been r u l e d  
ou t .  Thus implementation of a new requirement  would n o t  
involve  t h e  hardware development schedule .  

The ques t ion  of theoret ical  ana lyses  of more 
complex subsur face  models i s  t h e  l e a s t  p r e s s i n g  a t  p r e s e n t  
and probably t h e  best  i n  hand. Such c a l c u l a t i o n s  w i l l  
p r i m a r i l y  be of i n t e r e s t  i n  t h e  i n t e r p r e t a t i o n  of t h e  
r e tu rned  d a t a ,  excep t  where e f f e c t s  such as s c a t t e r i n g  o r  
abso rp t ion  l i m i t  t h e  u s e f u l  accuracy of t h e  experiment.  

2 0 15-MTY-kmj 
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